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DETAILED ACTION 
Response to Amendment 
Claim Rejections - 35 USC § 103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1-7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Hsu et al. (U. S. Patent 6,143,645 A) in combination with Hirao et al. US 5621247. 

In re claim 1 , Hsu, in the U. S. Patent 6, 143,645 A; figures 1-3 and related text, 
discloses 

forming a silicon-containing thin film 500 in a region having a predetermined 
area including the inner surface of the contact hole on the surface of the semiconductor 
substrate; 

forming an aluminum-containing thin film 520 on the surface of the 
semiconductor substrate on which the silicon-containing thin film is formed; and 

heating the semiconductor substrate on which the aluminum-containing thin film 
is formed to such a temperature oes to cause silicon to diffuse with respect to aluminum 
(Column 4, Lines 15-30 and Figure 3). 

Wherein the semiconductor substrate is provided with a plurality of cells each 
including the contact hole, and 
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the ratio of the amount of silicon contained in the silicon-containing thin film 

formed in the region having the predetermined area per unit cell to the amount of 

aluminum supplied to a unit cell in the step of forming the aluminum thin film is not less 

than 0.1 % and not more than 2% by atomic ration. 

The present application discloses a new metallization technology in which a 
melting-point depressant is locally introduced into the metal layer where it 
contacts the sidewalls of contact/via holes. This is preferably accomplished by a 
thin wetting layer which is only exposed on the sidewalls of contact/via holes. 
The wetting layer lowers the melting point and yield stress of the primary 
metallization layer at the points where this will most help the primary metallization 
layer to fill the contact/via hole . Since the concentration of the melting-point 
depressant is localized near contact/via holes, problems of precipitation or etch 
residues are minimized. This is particularly advantageous with aluminum 
metallization, but is also applicable to other metallization systems, col. 2, lines 
26-39. 

One constraint on aluminum metallization is imposed by the phenomenon of 
junction spiking. When pure aluminum is heated (even below its melting point) it 
can dissolve silicon which is in contact with it. Thus if pure aluminum meets 
monocrystalline silicon at a contact hole, the aluminum may grow dendritically 
into the silicon during thermal cycling. Such aluminum growths can penetrate 
junctions in the silicon, and thus destroy the desired electronic device. The 
conventional solution to this problem is to use aluminum metallization which is 
alloyed with a small fraction of silicon, e.g. 1% atomic , col. 1, line 59 - col. 2, 
Iine2. 

Thus typical aluminum alloys use silicon (typically one half percent to 1% atomic) 
col. 2, lines 17-18. 

The excess silicon or germanium in the liner will diffuse into the aluminum alloy, 
lower the melting point of the aluminum alloy, and lower the yield stress, and 
increase the lateral diffusivity of aluminum. The lower aluminum melting point 
enables faster aluminum transport at lower temperatures, and thus a lower 
temperature is adequate for complete filling. The arrows in FIG. 3 show 
approximate diffusion gradients during this diffusion, col. 3, lines 46-52. 
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Although Hsu's fig. 3 shows one cell and Hsu's col. 2, lines 26-39 above shows a 
plurality of cells represented by "contact/via holes" in plural form; the reference does not 
make very clear the cell as in a memory cell which including a contact hole. 

The Hirao et al. reference teaches 

The MOS transistors in the above cell select/drive circuit region 50 can be 
divided into two types depending on their functions: some of them serve as select 
transistors, while the others serve as drive transistors. The drain of the select 
transistor is in contact with a first plug 56 filled in a contact hole formed in the 
insulating layer 55, while the upper end of the plug 56 is in contact with the lower 
end of the first aluminum interconnection 52 in the memory cell region 60. The 
source of the select transistor is in contact with a bit line 57 indicated by the 
broken line in the drawing at a portion not shown in the cross section of FIG. 9. 
A word line extends in the direction orthogonal to the cross section of FIG. 9 over 
the isolation 52 and active region, while functioning as the gate electrode 53 in 
the individual active region. On the other hand, the source of the leftmost drive 
transistor in FIG. 9 is in contact with the second aluminum interconnection 66 of 
the memory cell region 60, while the drain thereof is in contact with a power- 
source terminal via the corresponding second plug 58, col. 13, lines 49-67. 

It would have been obvious to one of ordinary skill in the art at the time of the 

invention to provide the multiple cells of Hirao et al. with the method of making 

aluminum-containing thin film for contact holes of Hsu et al. because the method of Hsu 

et al. would provide the contact of Hirao et al. with reduced temperature contact/via 

filling as taught by Hsu et al. (col. 2). 

3. In re claim 2, Hsu discloses wherein the step of forming an aluminum-containing 
thin film and the step of heating the semiconductor substrate is carried out 
simultaneously. 

In this class of embodiments, step 110 is followed by step 120B. In this step 
aluminum alloy is reflowed into the cavity 202 by one step sputtering at elevated 
temperatures (e.g. greater than or equal to 350 degrees C. but preferably less 
than 450 degrees C.) and low power (to allow time for the aluminum to diffuse 
into the contacts and vias), col. 4, lines 14-19. 
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4. In re claim 3, Hsu discloses wherein the step of heating the semiconductor 
substrate is carried out after completing the step of forming an aluminum-containing thin 
film. 

Alternatively a multistep sputtering operation can be used, first at low 
temperature (e.g. less than 100 degrees C), then at high temperature (e.g. 
greater than 400 degrees C). In either case the wetting layer introduces an 
addition of a melting-point depressant which will diffuse into the aluminum for a 
short distance to locally lower its melting point, and thus increase the diffusivity of 
aluminum along the surface. (The tendency of dopants to segregate to the 
surface is very advantageous in this regard.) Therefore, complete filling by 
aluminum reflow at lower temperatures can be obtained. FIG. 2C2 shows an 
intermediate step in this process, and FIG. 3 again shows the end result, col. 4, 
lines 19-31. 

5. In re claim 4, Hsu discloses wherein the step of forming a silicon-containing thin 
film in the region having the predetermined area includes the step of: forming a silicon- 
containing thin film in a region larger than the predetermined area; and removing the 
silicon-containing thin film so that the area of the silicon-containing thin film can become 
the abovementioned predetermined area (Column 7, Lines 16-19). 

6. In re claim 5, Hsu discloses wherein the step of removing the silicon-containing 
thin film includes a step of removing the silicon-containing thin film using a mask having 
a predetermined pattern (it is conventional in the art that to form a plug a mask must be 
used to avoid etching the plug). 

7. In re claim 6, Hsu discloses wherein the step of removing the silicon-containing 
thin film includes a step of removing the silicon-containing thin film by etching (it is well- 
known in the art and conventional to remove unwanted portions by etching). 
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8. In re claim 7, Hsu discloses wherein the predetermined area is not more than 
99% of the area of the aluminum-containing thin film formed in the step of forming the 
aluminum thin film (Figure 2). 

9. In re claim 9, Hsu discloses wherein the step of heating the semiconductor 
substrate includes a step of heating the semiconductor substrate to 380 °C - 570 °C 
(Column 4, Lines 15-30). 



Response to Arguments 

10. Applicant's arguments filed 12/14/2005 have been fully considered but they are 
not persuasive. 

1 1 . Applicant argues, Remark's page 10, that Hsu et al. does "not disclose that the 
substrate 200 is heated". The examiner does not agree. Hsu's col. 4, lines 14-31 as 
quoted in the above rejection clearly teaches instant claim 2 "wherein the step of 
forming an aluminum-containing thin film and the step of heating the semiconductor 
substrate are carried out simultaneously" with aluminum allov being reflowed into the 
cavity 202 bv one step . Hsu et al. also teaches alternative operation of instant claim 3 
"wherein the step of heating the semiconductor substrate is carried out after completing 
the step of forming the aluminum thin film" in which " multistep sputtering operation can 
be used, first at low temperature (e.g. less than 100 degrees C), then at high 
temperature (e.g. greater than 400 degrees C.)". The sputtering operation of Hsu et al. 
is/are performed "at elevated temperature" "less than 450 °C" or "greater than 400 °C" 
in which the substrate 200 must be heated. Further, in the previous passage, Hsu et al. 
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teaches "filling was performed with high pressure extrusion of aluminum alloy at a 
heater temperature of 450 degrees C. (wafer temperature of 370 degrees C), Hsu et 
al.'s col. 4, lines 4-6". 

12. Applicant states, Remark's pages 11-12, "the only disclosure from this reference 
of atomic ratios is discussed in col. 2, lines 1-24 where the prior art configurations are 
discussed" and "it is impermissible to combine the teachings from the prior art 
disclosure discussed in the background of the invention of the cited reference with the 
disclosure directed to the embodiments discussed in the detailed description of the 
invention, as the examiner is apparently doing". The examiner does not agree. The 
previous rejection is under 35 U.S.C. 102(b) as being anticipated by Hsu et al. There is 
no combination because the Hsu et al.'s recognized ratio atomic percent in prior art 
(wherein a wetting layer is not used imposing spiking, precipitation and electromigration, 
col. 1, line 59 - col. 2, line 24) is used in Hsu et al.'s "new metallization technology" 
wherein "the wetting layer lowers the melting point and yield stress of the primary 
metallization layer at the points where this will most help the primary metallization layer 
to fill the contact/via hole", col. 2, lines 25-39. That recognized ratio atomic percent in 
prior art , used in Hsu et al., is inside the range of the claimed ratio. 

1 3. Applicant's arguments with respect to claim 1 on the plurality of cells have been 
considered but are moot in view of the new ground(s) of rejection. 
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Conclusion 

14. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

1 5. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .1 36(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

16. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thanh V. Pham whose telephone number is 571-272- 
1866. The examiner can normally be reached on M-Th (6:30-5:00). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

02/28/2006 

MATTHEW SMITH 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 2800 



